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SPECIFICATION 

1. Title of the Invention 

Liquid Crystal Display Device Having Auxiliary Capacitors 

2 . Claims 

1 . A liquid crystal display device comprising auxiliary capacitors 
wherein a plurality of capacitors laminated are connected in parallel. 

2. The liquid crystal display device of claim 1 having auxiliary 
capacitors, wherein the auxiliary capacitors comprise: 

first capacitors consisting of a gate insulating film of switching 
elements for driving the liquid crystal display; and 

second capacitors consisting of a protective film for the switching 
elements . 

3. The liquid crystal display device of claim 1 or 2, wherein the 
switching elements have gate electrodes that are common electrodes of the 
auxiliary capacitors. 

4. The liquid crystal display device of claim 1, 2, or 3, wherein the 
auxiliary capacitors have transparent electrodes made of the same material 
as an active layer or gates of the switching elements. 

3. Detailed Description of the Invention 
[Industrial Field of Utilization] 

The present invention relates to auxiliary capacitors for a liquid 
crystal display device and, more particularly, to a liquid crystal display 
device having auxiliary capacitors adapted to obtain large capacitances. 
[Prior Art Techniques] 

Liquid crystal displays are characterized by thin- type and low power 
consumption, and have been commercialized as small-sized TVs in recent years. 
Where they are built as higher-information content devices, images are 
projected and enlarged by projectors in some applications. In this case, 
intense light is used. Light and heat increase the leakage current from the 
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switching elements. Furthermore, heat lowers the resistance of the liquid 
crystal. For these reasons, auxiliary capacitors for holding the applied 
voltage are essential. 

The concept of formation of auxiliary capacitors has been achieved long 
before. A specific example is described in Japanese Patent Laid-Open No. 61- 
13228. 

A conventional example is described by referring to Figs. 4 and 5. In 
Fig. 4, switching elements 3 are disposed at the intersections of signal lines 
1 and scanning lines 2. Liquid crystal cells 4 and auxiliary capacitors 5 are 
connected in parallel on the side of the source. The liquid crystal cells 
4 are formed by a common electrode 6 on a counter substrate. The other common 
electrode on each auxiliary capacitor 5 is connected by an auxiliary conductor 
7. Its potential is fixed. 

Fig. 5 shows a cross section of one switching element 3 and one auxiliary 
capacitor 5. A gate 19 of polycrystalline silicon and a transparent electrode 
20 for an auxiliary capacitor are formed at the same time. The electrode 20 
is oxidized to form a gate insulating film 21 and an interlayer insulating 
film 22. Polycrystalline silicon is again deposited on it to form signal 
electrodes 1 (drains), source electrodes 23, and transparent electrodes 24 
for pixels. In this way, auxiliary capacitors 5 are formed. In this example, 
the transparent electrodes 24 for pixels, the interlayer insulating film 22, 
and the transparent electrodes 20 for auxiliary capacitors together form a 
set of capacitors. 

[Problems to be Solved by the Invention] 

In the above- described conventional example, an auxiliary capacitor 
is created only by a single capacitor. Where especially large capacitances 
are necessary, large auxiliary capacitances cannot be accomplished. 

It is an object of the present invention to provide means for creating 
large auxiliary capacitors. 
[Means for Solving the Problems] 

The aforementioned object is achieved by laminating plural capacitors 
and connecting them in parallel. 
[Operation] 

Large auxiliary capacitors created in accordance with the present 
invention are connected in parallel with liquid crystal cells. Therefore, 
leakage current from switching elements or from liquid crystal cells is 
sufficiently compensated for. The reliability of the image quality can be 
enhanced . 
[Embodiment] 
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An embodiment of the present invention is hereinafter described by 
referring to Figs. 1 and 2. 

Fig. 1 shows the configuration of a part of an active matrix in 
accordance with the present invention. Switching elements 3 are disposed 
at the intersections of signal lines 1 and scanning lines 2. Liquid crystal 
cells 4 and auxiliary capacitors 5 are connected in parallel on the source 
side. The liquid crystal cells 4 are formed by counter substrate common 
electrodes 6. With respect to each auxiliary capacitor 5, two electrodes 
are placed in parallel on the source side. The other common electrode is 
connected by an auxiliary conductor 7, and its potential is fixed. 

Fig. 2 shows a cross section of portions of the switching elements 
3 and auxiliary capacitors 5 . Polycrystalline silicon 9 is deposited on a 
glass substrate 8. Then, phosphorus is doped into those portions which should 
form the auxiliary capacitors 5. Subsequently, a gate insulator film 11 and 
a gate electrode 12 are formed. During this process, a transparent electrode 
10 for the auxiliary capacitor, an insulating film 13 for the auxiliary 
capacitor, and a common electrode 14 for the auxiliary capacitor are created. 
Thus, one capacitor is created on the auxiliary capacitors 5. Then, an 
interlayer insulating film 15 is formed and contact windows are opened, 
thereby a transparent electrode 17 for pixels is created. A signal electrode 
(drain electrode) 1, a source electrode 16, and an auxiliary conductor 7 
for the auxiliary capacitor are fabricated from the same material. During 
this process, a second capacitor is created and connected in parallel with 
the underlying, buried capacitor. This process step needs only the step of 
implanting a dopant into the transparent electrode 10 for the auxiliary 
capacitor. The others can be fabricated by the same process as used to 
fabricate switching elements. 

Fig. 3 shows an example of application of the present invention. The 
switching element 3 is of the positive staggered structure. First, doped 
polycrystalline silicon or ITO is deposited on a glass substrate 8. Signal 
lines (drains) 1, drain electrodes 16, and transparent electrodes 10 for 
pixels are created. A thin film semiconductor layer 18 that is an active 
layer, a gate insulating film 11, and gates 12 are formed on top of it. 
Subsequently, auxiliary capacitors 5 can be created in the same way as 
described in connection with Fig. 2. 

In the embodiments described thus far, switching elements using 
polycrystalline silicon have been described. The invention can also be 
applied to switching elements using single crystal or amorphous film. The 
transparent electrodes can be made of any material including the 
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semiconductor layer forming the switching elements, ITO, thin-film metal, 
and electrically conducting oxide, 
[Effects of the Invention] 

The present invention described thus far makes it possible to fabricate 
large auxiliary capacitors without extra process steps. The reliability of 
the image quality of the liquid crystal display can be enhanced. 
4. Brief Description of the Drawings 

Fig. 1 is a partial diagram of an active matrix, for illustrating the 
present invention; 

Figs. 2 and 3 are cross sections of portions of switching elements and 
auxiliary capacitors, for illustrating the present invention; and 

Figs. 4 and 5 sure partial diagrams of a conventional active matrix, 
and in which a switching element and an auxiliary capacitor portion are shown. 

3: switching elements; 5: auxiliary capacitors ; 

10: transparent electrodes for auxiliary capacitors; 

13: insulating film for auxiliary capacitors; 

14: common electrode of auxiliary capacitors; 

15: interlayer insulating film; 

17: transparent electrode for pixels 
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AMENDMENT 

1. Amend the Claims of the specification as follows. 

"1. A liquid crystal display device having auxiliary capacitors, 
comprising: 

a plurality of scanning lines; 

a plurality of signal lines placed to intersect said scanning lines; 

switching elements placed near the intersections of said scanning lines 
and said signal lines, each of said switching elements having a first main 
terminal connected with a corresponding one of the signal lines and a control 
terminal connected with a corresponding one of the scanning lines; 

liquid crystal cells connected with second main terminals of said 
switching elements; and 

capacitive elements each consisting of a first electrode connected with 
a corresponding one of the second main terminals of said switching elements, 
a second electrode, and a third electrode interposed between said first and 
second electrode via an insulator layer. 

2 . A liquid crystal display device having auxiliary capacitors as set 
forth in claim 1, wherein said third electrode is formed independent of said 
scanning lines. 

3. A liquid crystal display device having auxiliary capacitors as set 
forth in claim 1, wherein the third electrodes of the switching elements 
are maintained at the same potential throughout the whole liquid crystal 
display device. 

4 . A liquid crystal display device having auxiliary capacitors as set 
forth in claim 1, wherein said insulating film is made of the same material 
as the gate insulator film of said switching elements or made of the same 
material as a protective film for said switching elements. 

5 . A liquid crystal display device having auxiliary capacitors as set 
forth in claim 1, wherein any one kind of said first and second electrodes 
is made of a transparent electrode material." 

2 . Amend of the detailed description of the present specification as follows . 

(1) Add "with small area" after "in the case of" (page 3, line 18). 

(2) Add "with small area" after "auxiliary capacitors" (page 3, line 

19). 

(3) Amend "can be formed" (page 6, line 14) to "can be realized with 
a small area" . 
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